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Abstract 

Field experiments were conducted during kharif 2009-2010 to identify the most heterotic CMS based hybrids in 
chilli. The heterosis for dry fruit yield and yield components of 51 F1 hybrids were derived from crosses between 
three females (line) and seventeen males (tester) crossed in line x tester fashion. The cross ACA1/LCA334 exhibited 
significant heterosis over mid parent 493.44% as well as better parent 402.78%. The F1 hybrid JNA1/BVC-37 
registered significant standard heterosis (48.47%) for dry fruit weight plant-1. The highly significant gca effect 
revealed that LCA960, BVC37, LCA334, PantC1 and JNA1 were good general combiner among the male and 
female, respectively. The hybrid JNA1/BVC37 gave the highest yield for dry as well as green fruits along with 
highly significant sca effects.  
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1. Introduction 

India is the largest producer of chilli in the world owing to the availability of improved varieties. The role of hybrid 
seed in India is limited and the production of hybrid cultivars can be successful only if adequate quantities of 
hybrid seeds are produced at reasonably low cost. The hybrid seed production in chilli requires tedious process of 
emasculation and pollination. Chilli flowers are delicate in nature, resulting in flower drop or poor fruit set after 
emasculation. Moreover hand pollination increases the cost of hybrid seed production due to high labour cost. In 
the recent years hybrid cultivars have become popular and many farmers are producing hybrid seeds of hot pepper 
based on nuclear male sterility (Dash et al., 2001). Development of male sterility system is the only alternative to 
reduce the cost of seed production as it is being practiced in other vegetables. The male sterile (S-) cytoplasm has 
so far been most commonly utilized for commercial hybrid development in South Korea, China and India (Kim & 
Kim, 2005; Kumar et al., 2007). However, rapid transfer of male sterile cytoplasm (nuclear diversification of 
CMS) in Indian genotypes has been a handicap due to the limited availability of maintainer allele (rf) in chilli 
genotypes (Kumar et al., 2007) leading to restriction in the choice of the parents (Zhang, 2000). A major fertility 
restorer locus (Rf) is known to restore fertility of this S-cytoplasm, but it is influenced by temperature, quantitative 
trait loci (QTLs)/modifiers (Wang et al., 2004) and conditioned by an additional partial restoration (pr) locus (Lee 
et al., 2008a). This pr locus is suspected to be either tightly linked to Rf locus or is third allele of Rf locus (Lee et 
al., 2008b). In Capsicum, very few stable nuclear-cytoplasmic male sterile (CMS) lines are known because male 
sterility expressions in CMS lines have been found to be temperature sensitive (Shifriss, 1997). Temperature 
alteration may induce a degree of variation in male sterility, ranging from complete to partial. Selfing as well as 
crossing of the male sterile individuals can be achieved through temperature manipulation. Therefore, breeders 
must use restorer as well as maintainer lines for various environments to secure a completely sterile female parent, 
but fully fertile hybrid. 

One important aim of hybrid breeding is to exploit the heterosis effect appearing in the F1. In development of high 
yielding varieties and hybrids of crop plants, the breeder often faces the problem of selecting parents and crosses. 
Common approach of selecting parents on the basis of per se always does not lead to fruitful results (Allard, 1960). 
The selection of parents has thus to be based on complete genetic information and knowledge of combining ability 
of potential parents.  
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Combining ability analysis in this respect is considered to be an efficient technique not only for selection of 
desirable parents and crosses but also characterizes nature and magnitude of gene action in the expression of a trait. 
Knowledge about the type and amount of genetic effects is required for an efficient use of genetic variability of 
crops. The concept of good combining ability refers to the potential of a parental form for producing superior 
offspring by crossing with another parent for the breeding process. Information and exact study of combining 
ability can be useful in regard to selection of breeding methods and selection of lines for hybrid combination. Due 
to the numerous theoretical and practical advantages of this method, in recent years the choice of parental forms on 
the basis of combining ability has been extended.  

Keeping in a view the present investigation was undertaken to identify the most heterotic male sterility based 
hybrids and generate information on general and specific combining ability effects for selection of parents (male 
sterile and restorer lines) for promising hybrid combinations.  

2. Materials and Methods 

2.1 Plant Material 

The experimental material comprised of fifty one F1 hybrids developed from three females (CMS lines) viz., 
JNA1, ACA1 and ACA2 including seventeen male lines viz., SKS, PantC-1, G-4, K1-4C, 9608U, BVC-1, GUK-1, 
GUK-2, GUK-2-1, LCA334, LCA960, KDC-1-1, P. Jwala, KA-2, K1-4D, PSBR and BVC-37. Seventy one 
entries including twenty parents and their 51 F1 hybrids were evaluated in a Completely Randomized Block Design 
(CRBD) with two replications during kharif season 2009-2010 at JNKVV, Jabalpur (Madhya Pradesh). The plot 
size for each accession was 6m x 1.2m where in both row-to-row and plant-to-plant spacing was 60 cm x 60 cm. 
The crop was raised as per the standard package of practice. The experiment was repeated thrice by transplanting 
the seedlings at the interval of twenty days. Timely management practices were followed to grow a good crop. Five 
plants were randomly selected/plot for recording data on days to first flower initiation, days to first fruit ripening, 
days to first harvest, number of pickings, number of fruits plant-1 number of primary branches and plant height 
(cm),  where as ten fruits were selected (two fruits from each randomly selected plant) for fresh weight fruit-1 (g), 
dry weight fruit-1 (g), fruit length (cm), fruit diameter (cm), pedicel length (cm), petiole length (cm), number of 
seeds fruit-1 and 1000 seed weight (g). For days to 50% flowering data was recorded on plot basis. 

2.2 Statistical Analysis 

The estimates of heterosis and combining ability were computed on mean performance of hybrids and their parents 
over two replications for each date of transplanting. Data on three transplanting dates were subjected to analysis 
for heterosis (Turner, 1953; Fonseca & Patterson, 1968) and Line x Tester (Kempthorne, 1957) for combining 
ability analysis as per the standard procedure.  

2.2.1 Estimates of Heterosis 

Relative hybrid performance (in per cent) in comparison with the mean of both parents (mid-parent heterosis, 
MPH), better parent, BPH and standard heterosis, SH were calculated as follows respectively: 

MPH = (F1 - MP)/MP) x 100, Where, F1 = mean performance of hybrid, MP = average performance of both 
parents. 

BPH = (F1 - BP)/BP) x 100, Where, F1 = mean performance of hybrid, BP = mean performance of better parents. 

SH = (F1 - SC)/SC) x 100, Where, F1 = mean performance of hybrid, SC = mean performance of standard check 
(Parvez, 2006). 

3. Results and Discussion 

3.1 Analysis of Variance 

The estimates of mean square due to genotypes and parents were significant for all the traits (Table 1) indicating 
the presence of large amount of diversity among the genotypes and respective group of the material studied. Mean 
squares due to line, testers, and line x testers were also significant for most of the traits revealed the differences 
among females and males. The comparison of parents vs crosses was significant for all the traits suggesting 
presence of hybrid vigour for all the characters. 
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Table 1. Analysis of variance for eighteen yield related traits in chilli 
Source D.F. DFI DFF DFR DFH NOP NFP FFW DFW FL FD PL PTL NPB PH NS SW FFWP DFWP 

Transplanting 

dates 
02 3113.85** 3363.96** 878.79** 787.35** 0.43** 69979.48** 5.99** 0.87** 34.99** 0.45** 15.76** 1.37** 13.68** 902.63** 1358.17** 16.76** 1.72** 0.11** 

Genotypes 70 26.40** 29.55** 47.61** 54.21** 0.12** 46710.25** 6.67** 0.30** 23.49** 0.24** 1.58** 0.32** 2.31** 232.34** 1196.69** 3.16** 0.63** 0.04** 

Parents 19 20.29** 20.35* 39.02** 44.49** 0.26** 18797.70** 14.45** 0.58** 40.28*8 0.38** 2.87** 0.14** 1.30** 369.31** 946.17** 5.66** 0.48** 0.03** 

Lines 16 21.02** 22.41 24.99** 32.07** 0.15** 21044.68** 14.12** 0.62** 41.04** 0.44** 3.01** 0.11** 1.29** 402.51** 858.45** 6.65** 0.46*8 0.03** 

Testers 02 2.33 2.86 81.86** 40.53** 0.00 3337.33** 0.50** 0.07*8 6.88** 0.03** 0.05*8 0.06** 1.00** 158.11** 588.00** 0.19** 0.05*8 0.00** 

Line vs 

Testers 
01 44.50* 22.43 177.75** 251.06** 2.56** 13766.86** 47.68** 0.93** 94.98** 0.00 6.37** 0.84** 2.07** 260.60** 3066.00** 0.72** 1.79** 0.11** 

Parent  

vs Crosses 
01 864.27** 1014.2** 955.43** 670.61** 0.68** 1164227.62** 74.86** 0.11** 1.37** 4.64** 7.35** 0.65** 22.41** 4.06 505.62** 6.73** 7.77** 0.49** 

Crosses 50 11.97 13.36 32.72** 45.58** 0.05 34966.67** 2.35** 0.20** 17.55** 0.11** 0.97** 0.38** 2.29** 184.86** 1305.71** 2.13** 0.54** 0.03** 

Error 140 10.61 10.80 0.89 0.57 0.03 207.79 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.57 3.95 0.00 0.00 0.00 

*, **Significant at p = 0.05 and 0.01, respectively. 

DFI = Days to first flower initiation, DFF = Days to fifty per cent flowering, DFR = Days to first fruit ripening, 
DFH = Days to first harvest, NOP = Number of pickings, NFP = Number of fruits plant-1, FFW = Fresh fruit 
weight fruit-1 (g),  DFW = Dry fruit weight  fruit-1 (g), FL = Fruit length (cm), FD = Fruit diameter (cm), PL = 
Pedicel length (cm), PTL = Petiole length (cm), NPB = Number of primary branches, PH = Plant height (cm), 
NS = Number of seeds fruit-1, TSW = 1000 seed weight (g), FFWP = Fresh fruit weight plant-1 (kg), DFWP = 
Dry fruit weight plant-1 (kg). 

 

3.2 Mean Performance of Parents and Hybrids  

The range for mean performance and various heterotic effects as well as promising crosses identified on the basis 
of these two parameters are narrated in Table 2. The maximum range of mean performance was observed for 
number of fruits plant-1 for both, parents (71.67 - 388.33) and hybrids (162.33 – 565.17) along with high heterotic 
effects over mid parent (21.75 – 658.29), better parent (-1.8 – 651.37) and standard check (43.02 – 397.94). 
Genotypes BVC-37, BVC-1, GUK2-1, LCA960 and K1-4D registered as better parents based on per se 
performance for dry fruit weight plant-1. KA-2 exhibited better parent for days to first flower initiation and days to 
fifty per cent flowering, JNA1 for days to first fruit ripening and days to first harvest, PSBR, K1-4D, KA-2, 
KDSC1-1 and LCA960 for number of pickings, PantC1 for number of fruits plant-1, LCA960 for fresh weight 
fruit-1, dry weight fruit-1, number of seeds fruit-1 and 1000 seed weight , SKS for fruit length, GUK2-1 for fruit 
diameter,  G-1 for pedicel length, BVC-37 for petiole length, fresh fruit weight plant-1 and dry fruit weight plant-1, 
9608U for number of primary branches plant-1. 

 
Table 2. Five bests parents for eighteen characters in chilli 

Characters 

Range Better parents (Based on per se performance) 

Per se performance Heterosis  

Parents Crosses MP BP SH  

Days to first flower initiation 33.17-44.33 32.00-41.83 -18.22 to 5.24 -24.06 to 0.40 1.59 to 32.80 KA-2 (33.17), K1-4C (35.50), ACA1 (36.17), ACA2 (37.50), PantC1 (37.83) 

Days to fifty per cent flowering 37.00-48.33 35.33-45.67 -18.08 to 4.18 -23.45 to 0.74 -0.93 to 28.04 KA-2 (37.00),K1-4C (39.17), GUK2-1 (40.33), ACA1 (40.50), PantC1 (41.00) 

Days to first fruit ripening 93.33-105.5 82.67-94.33 -13.69 to 0.74 -21.33 to 0.89 0.81 to 15.04 JNA1 (85.83), ACA1 (93.00), PSBR (93.33), K1-4D (93.50), KDC-1 (94.33) 

Days to first harvest 114.17-128.67 105.0-117.67 -11.53 to 0.65 -18.39 to 1.02 -0.49 to 15.93 JNA1 (108.33), ACA1 (113.33), K1-4D  (114.17), PSBR (114.33), GUK-2 (115.50) 

Number of pickings 2.33-3.00 2.33-3.17 0.00  to 35.71   -5.88 to 35.71  -22.22 to 5.56  PSBR (3.00), K1-4D (3.00), KA-2 (3.00), KDSC1-1 (3.00), LCA 960 (3.00) 

Number of fruits plant-1 71.67-388.33 162.33-565.17 21.75 to 658.29 -1.8 to 651.37 43.02 to 397.94 PantC1 (388-33), PSBR (286.33), GUK-2-1 (243.50), BVC-37 (193), 9608U (144.67) 

Fresh fruit weight fruit-1(g) 1.59-8.20 1.81-4.91 -54.47 to 85.26 -69.17 to 69.05 -83.33 to -54.12 LCA960 (8.20), BVC-1 (8.00), K1-4D (7.97), BVC-37 (7.53), KDC1-1 (6.13) 

Dry fruit weight fruit-1(g) 0.48-1.97 0.41-1.50 -1.09 to 84.38 -62.51 to 70.94 -84.81 to -44.15 LCA960 (1.97), BVC-37 (1.92), BVC-1 (1.63), SKS (1.10), GUK-2-1 (0.98) 

Fruit length (cm) 6.10-20.43 4.85-17.52 -25.88 to 86.13 -51.25 to 66.37 -67.39 to 17.72 SKS (20.43), BVC-37 (13.80), K1-4D (12.36), BVC-1 (12.26), GUK-1 (12.06) 

Fruit diameter (cm) 0.93-2.24 0.77-1.96 -50.69 to 19.59 -54.05 to -1.42 -49.51 to 28.74 GUK2-1 (2.24), BVC-37 (1.99), LCA960 (1.99), K1-4C (1.64), KDC-1-1 (1.59) 

Pedicel length (cm) 2.85-6.96 2.53-4.91 -38.99 to 52.80 -54.69 to 46.72 -48.68 to -0.30 G-4 (6.90), GUK-2 (5.20), SKS (5.00), KDC-1-1 (4.65), BVC-37 (4.54) 

Petiole length (cm) 1.36-2.06 1.10-2.63 -32.74 to 59.98 -37.47 to 31.77 -29.27 to 68.80 BVC-37 (2.06), GUK-1 (2.05), P.Jwala (1.95), KA-2 (1.93), GUK-2 (1.41) 

Number of primary branches 3.79-5.79 3.79-7.89 -20.87 to 83.88 -34.53 to 79.12 -5.01 to 97.70 9608U (5.79), PantC1 (5.79), BVC-37 (5.29), K1-4D (4.79), KA-2 (4.79). 

Plant height (cm) 41.83-83.83   41.83-81.17 -30.85 to 48.31 -37.41 to 44.48 -31.98 to 31.98 SKS (83.83), BVC-37 (81.83), PSBR (76.17), K1-4D (70.50), LCA960 (68.50) 

Number of seeds fruit-1 57.50-120.33 32.83-124.50 -54.41 to 52.92 -68.98 to 40.68 -91.11 to -20.78 LCA960 (120.33), K1-4C (105.83), BVC-1 (101.83), K1-4D (95.00), PSBR (92.83) 

1000 seed weight (g) 3.24-9.44 3.36-7.68 -36.05 to 69.38 -45.65 to 60.88 -38.90 to 39.62 LCA960 (9.44), BVC-1 (8.25), GUK-2 (5.53), BVC-37 (5.46), GUK-1 (5.38) 

Fresh fruit weight plant-1 (kg) 0.24-1.81 0.57-2.27 -1.15 to 495.88 -42.79 to 409.86 -63.11 to 47.88 BVC-37 (1.81), BVC-1 (1.39), GUK2-1 (1.17), LCA960 (1.12), K1-4D (0.90) 

Dry fruit weight plant-1 (kg) 0.06-0.45 0.14-0.57 -0.92 to 493.44 -42.79 to 402.78 -62.88 to 48.47 BVC-37 (0.45), BVC-1 (0.35), GUK2-1 (0.30), LCA960 (0.28), K1-4D (0.22) 
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3.3 Heterotic Effects of Crosses 

Most heterotic crosses are presented in Table 3 revealed that none of the hybrids showed desirable standard heterosis 
for days to first flower initiation, days to first fruit ripening, fresh weight fruit-1, dry weight fruit-1, pedicel length and 
number of seeds fruit-1. However, one hybrid each for days to fifty per cent flowering and days to first harvest 
registered desirable standard heterosis. While 36 crosses for number of pickings, all 51 for number of fruits plant-1 
and number of primary branches,  2 for fruit length, 1 for fruit diameter, 40 for petiole length, 23 for plant height, 26 
for 1000 seed weight and 12 each for fresh fruit weight plant-1 and dry fruit weight plant-1 exhibited desirable standard 
heterosis. For fruit length and fruit diameter, most of the crosses were not consistent for their various heterotic effects. 
These findings are concordance with Joshi et al. (1995), Patel et al. (1997) and Patel et al. (2001). 

 
Table 3. Most heterotic crosses for eighteen characters in chilli for dry fruit yield 

Characters 

No. of hybrids having 
significant heterotic 

effects over SH 
Best hybrids based on 

+Ve -Ve MP BP SH 
Days to first flower initiation 51 0 JNA1/G-4 ACA1/BVC-37 ACA1/GUK2-1 
Days to fifty per cent flowering 50 1 ACA2/BVC-37 ACA2/BVC-37 ACA1/GUK2-1 
Days to first fruit ripening 51 0 ACA2/LCA334 JNA1/SKS JNA1/PantC1 
Days to first harvest 50 1 JNA1/PantC1 JNA1/SKS JNA1/PantC1 
Number of pickings 36 15 JNB1/BVC-37 JNB1/BVC-37 JNB1/BVC-37 
Number of fruits plant-1 51 0 ACA1/LCA334 ACA1/LCA334 ACA12/PantC1 
Fresh fruit weight fruit-1 (g) 0 51 JNA1/KA2 JNA1/PantC1 JNA1/LCA960 
Dry fruit weight fruit-1 (g) 0 51 JNA1/GUK2-1 JNA1/PantC1 JNA1/GUK2-1 
Fruit length (cm) 2 49 JNA1/GUK2-1 JNA1/GUK2-1 JNA1/SKS 
Fruit diameter (cm) 1 50 JNA1/LCA960 JNA1/LCA960 JNA1/LCA960 
Pedicel length (cm) 0 51 JNA1/LCA334 JNA1/LCA334 JNA1/GUK2-1 
Petiole length (cm) 40 11 ACA2/GUK2-1 ACA2/K1-4C ACA2/SKS 
Number of primary branches 51 0 ACA1/LCA334 ACA2/K1-4C ACA1/LCA334 
Plant height (cm) 23 28 ACA1/LCA334 ACA1/LCA334 JNA1/SKS 
Number of seeds fruit-1 0 51 JNA1/BVC-37 JNA1/BVC-37 JNA1/BVC-37 
1000 seed weight (g) 26 25 ACA1/9608U ACA1/9608U ACA1/GUK2 
Fresh fruit weight plant-1 (kg)  12 39 ACA1/LCA334 ACA1/LCA334 JNA1/BVC-37 
Dry fruit weight plant-1 (kg) 12 39 ACA1/LCA334 ACA1/LCA334 JNA1/BVC-37 

 
A perusal of the top heterotic crosses revealed that none of the cross was consistent for all the traits. Among the 51 
F1 hybrids studied 8 crosses viz., JNA1/BVC-37 (48.47%), JNA1/PantC1 (25.76%), JNA1/LCA334 (25.33%), 
JNA1/LCA960 (24.02%), JNA1/PSBR (22.77%), JNA1/GUK-2-1(16.59%), ACA2/LCA960 (13.10%), 
ACA1/LCA960 (6.99%) showed significant positive heterosis for dry fruit weight plant-1 over standard check 
VNR 332 (Table 4). However, other thirty nine crosses registered negative standard heterosis and remnant four 
crosses recorded non significant positive standard heterosis.  

 
Table 4. Heterosis for dry and green fruit yield plant-1 for 8 best hybrids in chilli 

 
F1 Crosses 

Heterosis over parents/check 
Dry fruit yield Green fruit yield 

Mean Mid parent Better parent VNR332 (check) Mean 
Mid 

parent 
Better 
parent 

VNR332 
(check) 

JNA1/BVC-37 0.57 104.82** 25.46** 48.47** 2.27 103.44** 25.37** 47.88** 
JNA1/PantC-1 0.48 229.14** 152.63** 25.76** 1.92 224.68** 151.86** 25.24** 
JNA1/LCA334 0.48 491.75** 370.49** 25.33** 1.91 482.74** 355.56** 24.92** 
JNA1/LCA960 0.47 148.03** 69.05** 24.02** 1.90 147.02** 69.90** 24.05** 

JNA1/PSBR 0.47 252.20** 185.71** 22.27** 1.88 249.92** 187.72** 22.42** 
JNA1/GUK-2-1 0.44 124.37** 50.85** 16.59** 1.78 123.43** 51.70** 16.21** 
ACA2/LCA960 0.43 133.33** 54.17** 13.10** 1.73 133.33** 54.40** 12.73** 
ACA1/LCA960 0.41  153.89 45.83** 06.99* 1.63 153.37** 45.75** 06.42* 
*P = 0.05, **P = 0.01 
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3.4 GCA and SCA Effects  

The gca effect (Table 5) revealed that LCA960, BVC-37, LCA334, PantC1 and JNA1 were good general combiner 
among the male and female, respectively. Highly significant gca effect recorded by SKS, G-4, PSBR and ACA1 
for days to first flower initiation, SKS, G-4, PSBR and ACA1 for days to fifty per cent flowering, JNA1 for days to 
first harvest, LCA334, LCA960, PSBR, BVC-37 and JNA1 for  number of pickings, SKS, BVC-37, GUK-1, 
GUK-2, LCA960, KDC-1-1, KA-2, K1-4D, BVC-37 and JNA1 for fresh weight fruit-1, SKS, 9608U, BVC-1, 
GUK-1, GUK-2-1, KDC-1-1, BVC-37 and JNA1 for dry weight fruit-1, SKS, K1-4C, BVC-1, KDC-1-1, K1-4D, 
BVC-37 and JNA1 for fruit length, 9608U, BVC-1, GUK-2-1, LCA960, K1-4D, BVC-37 and JNA1 for fruit 
diameter, PantC-1, K1-4C, 9608U, GUK-2-1, LCA334, P.JWALA, PSBR, BVC-37 and JNA1 for pedicel length, 
SKS, G4, K1-4C, GUK-4, GUK-2, GUK-2-1, KDC1-1, K1-4D, BVC-37, and ACA1 for petiole length, SKS, 
K1-4C, GUK-1, GUK-2, LCA334, KDC1-1, BVC-37 and JNA1 for number of primary branches, BVC-37 and 
JNA1 for number of seeds fruit-1, SKS, PantC-1, G-4, 9608U, BVC-1, GUK-1, GUK-2, K1-4D, BVC-37, ACA1, 
and ACA2 for 1000 seed weight.  

 

Table 5. Estimates of gca effects of parents for different traits in chilli  

Parents Characters 

Tester DFI DFF DFR DFH NOP NFP FFW DFW FL FD PL PTL NPB PH NS SW FFWP DFWP NPY 

SKS 6.46** 6.46** -1.45** -1.93** -0.04** -6.31** 0.16** 0.07** 3.89** -0.05** -0.14** 0.12** 0.07** 3.873 0.56 0.47** 0.05** 0.013** 0.11** 

PantC-1 0.46 0.461 -1.45** -2.93** -0.039** 175.35 -0.48** -0.02** -1.32** -0.08** 0.16 ** -0.38 ** -0.46** -0.46** -8.44** 0.11** 0.31** 0.08** 0.70** 

G-4 2.29* 2.29* 1.88 2.07 -0.04** -73.31** -0.52** -0.08** -1.89** -0.06** -0.34** 0.11** -0.60** -10.96** 1.89 0.42** -0.44** -0.11** -0.99** 

K1-4C -0.37** -0.37** 1.38 1.069 -0.040** -112.15** -0.20** -0.11** 1.84** -0.03** 0.09** 0.01* 1.17** -5.13** -9.28** -0.07** -0.48** -0.12** -1.07** 

9608U -0.87** -0.87** 1.22 1.57 -0.039** -100.98** -0.32** 0.26** -1.63** 0.14** 0.04** -0.03** -0.43** -0.46** 9.89 0.64** -0.45** -0.11** -1.00** 

BVC-1 -1.21** -1.2** -0.28** -1.10** -0.039** -76.81** 0.19** 0.16** 0.90** 0.02** -0.16** -0.25** -0.50** -3.63** -12.94** 0.05** -0.21** -0.05** -0.47** 

GUK-1 -1.71** -1.72** 0.72 0.90 -0.039** -70.15** 0.14** 0.007** 0.003 -0.02** -0.09** 0.29** 0.14** -4.46** 0.39 0.16** -0.19** -0.047** -0.42** 

GUK-2 -2.04** -2.04** 0.72 1.57 -0.039** -87.48** 0.16** -0.21** -1.01** -0.11** -0.03** 0.31** 1.04** 1.37 -0.44** 0.27** -0.26** -0.07** -0.57** 

GUK-2-1 -2.04** -2.03** -1.78** -0.77** -0.039** 111.19 -0.18** 0.17** -0.54** 0.07** 0.47** 0.15** -0.06** -0.96** 8.56 -0.67** 0.35** 0.09** 0.78** 

LCA334 -0.04** -0.039* -1.78** -1.60** 0.127** 176.35 -0.44** -0.16** -1.03** -0.17** 0.43** -0.04** 0.57** 8.37 -8.11** -0.59** 0.40** 0.10** 0.88** 

LCA960 0.627 0.627 -1.78** -1.27** 0.127** 92.35 0.54** -0.002** -1.22** 0.36** -0.57** -0.30** -0.40** 0.04 1.23 -0.27** 0.60** 0.15** 1.33** 

KDC-1-1 -1.54** -1.53** 1.05 0.57 -0.039** -59.98** 0.32** 0.02** 0.98** -0.10** -0.07** 0.02** 0.17** 5.37 4.73 -0.58** -0.10** -0.02** -0.23** 

P. Jwala -1.37** -1.37** 1.22 2.40 -0.039** -45.48** -0.76** -0.22** -1.80** -0.07** 0.14** -0.25** -0.23** -5.46** -15.94** -0.35** -0.42** -0.10** -0.93** 

 KA-2 -1.37** -1.37** -0.78** -2.43** -0.039** -64.65** 1.11** -0.045** -0.72** -0.10** -0.28** -0.03** -0.26** -3.79** -7.61** -0.32** 0.17** 0.04** 0.38** 

K1-4D -0.71** -0.72** 0.22 0.74 -0.039** -55.98** 0.85** -0.088** 2.53** 0.14** -0.07** 0.25** -0.33** 7.04 16.06 0.22** 0.11** 0.03** 0.25** 

PSBR 2.79** 2.79 ** -0.45** -0.77** 0.127** 120.02 -0.81** -0.010** -0.13** -0.15** 0.03** -0.09** -0.13** 7.21 -3.11* -0.25** 0.08** 0.02** 0.19** 

BVC-37 0.62 0.63 1.38 1.90 0.127** 78.02 0.24** 0.252** 1.15** 0.21** 0.39** 0.12** 0.24** 2.04 22.56* 0.76** 0.48** 0.12** 1.07** 

SED 0.60 0.60 30.75 0.84 0.10 14.82 0.06 0.003 0.06 0.01 0.05 0.08 0.00 2.51 2.10 0.00 0.04 0.01 0.10 

CD 5% 1.19 1.19 61.78 1.68 0.21 29.77 0.119 0.007 0.116 0.01 0.10 0.08 0.00 5.05 4.22 0.00 29.77 0.02 0.20 

CD1% 1.59 1.59 82.36 2.24 0.28 39.69 0.15 0.009 0.16 0.02 0.13 0.10 0.00 6.73 5.63 0.00 39.69 0.03 0.26 

Lines 

JNA1 0.04 0.039 0.441 0.85* 0.078 ** -15.78** 0.81** 0.19** 1.83** 0.02** 0.50** -0.12** 0.18** 4.33 18.45** -0.16** 0.29** 0.07** 0.64** 

ACA1 0.33* 0.33* 0.147 -0.27** -0.039** 22.598 -0.60** -0.13** -1.39** -0.02** -0.14** 0.017** 0.03** -1.9** -9.17** 0.08** -0.18** -0.05** -0.39** 

ACA2 -0.37** -0.37** -0.59** -0.59** -0.034** -6.814** -0.20** -0.057** -0.45** 0.005** -0.36** 0.106** -0.21** -2.41** -9.28** 0.08** -0.11** -0.03** -0.24** 

SED 0.25 0.250 12.92 0.351 0.043 6.22 0.023 0.002 0.024 0.003 0.020 0.015 0.000 1.06 0.82 0.000 0.02 0.01 0.04 

CD 5% 0.50 0.502 25.95 0.705 0.087 15.50 0.048 0.003 0.048 0.006 0.041 0.031 0.000 2.12 1.78 0.000 0.04 0.01 0.08 

CD 1% 0.67 0.669 34.60 0.94 0.116 16.67 0.64 0.004 0.065 0.008 0.054 0.042 0.000 2.83 2.36 0.000 0.05 0.01 0.11 

*, **Significant at p = and 0.01, respectively. 

DFI = Days to first flower initiation, DFF = Days to fifty per cent flowering, DFR = Days to first fruit ripening, 
DFH = Days to first harvest, NOP = Number of pickings, NFP = Number of fruits plant-1, FFW = Fresh fruit 
weight fruit-1 (g),  DFW = Dry fruit weight  fruit-1 (g), FL = Fruit length (cm),  FD = Fruit diameter (cm), PL 
= Pedicel length (cm), PTL = Petiole length (cm), NPB = Number of primary branches, PH = Plant height (cm), 
NS = Number of seeds fruit-1, TSW = 1000 seed weight (g), FFWP = Fresh fruit weight plant-1 (kg), DFWP = 
Dry fruit weight plant-1 (kg), NPY = Net plot yield (kg).  

 

Among the lines and testers genotypes SKS, PantC-1, GUK2-1, LCA334, LCA960, KA-2, K1-4D, PSBR, 
BVC-37 and JNA1 were found to be best general combiner for traits fresh fruit weight plant-1, dry fruit weight 
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plant-1 and net plot yield. Therefore, these genotypes can be utilized for producing promising hybrids in 
hybridization programme.  

In general, genotype SKS, BVC-37, LCA334 and JNA1 male and female respectively were found to be good 
general combiner for most of the characters. The traits like primary branches have direct bearing on number of 
fruits and numbers of fruits have positive impact on yield, hence these four genotypes viz., SKS, BVC-37, 
LCA334 (male) and JNA1 (female) can be used to produce the best hybrid. JNA1/BVC-37, JNA1/PSBR, 
JNA1/SKS, JNA1/9608U and JNA1/GUK-2 were the best five crosses each in respect to per se performance and 
significant sca effects (Table 6). Among the five best crosses, highly significant sca effects were recorded by 
crosses JNA1/BVC-37 and JNA1/PSBR for fresh fruit weight plant-1 and dry fruit weight plant-1. It was evident 
that the cross with high x low gca effect could produce desirable transgressive segregants. JNA1/BVC-37, 
JNA1/PSBR, JNA1/SKS, JNA1/9608U and JNA1/GUK-2 showed highly significant sca effects with parents 
having high x low general combiners, it might be attributed to sizeable portion of additive x additive gene action.  

 

Table 6. Estimates of sca effects of crosses for different traits in chilli  

Crosses DFI DFF DFR DFH NOP NFP FFW DFW FL FD PL PTL NPB PH NS SW FFWP DFWP NPY 

JNA1/ SKS 0.22 -2.45** -7.84** -6.80** -0.63** 3.68 0.53** 0.30** 2.50** 0.04** 4.33 -0.18** -0.75** 12.86** 20.00** 0.62** 0.09 0.02 2.61 

JNA1/ PantC-1 -3.95** -1.45 -8.51** -10.3** 0.04** -66.16** 0.62** 0.13** 1.21** 0.01 3.33 -0.05 0.79** 0.20 4.5 -0.28** 0.25** 0.06** 4.04 

 JNA1/G-4  0.05 -0.28 -0.01 0.70 0.04** -4.99 0.45** -0.06** 0.36** -0.07** 2.63 0.19** -0.58** 1.53 -5.33 0.42** 0.003 -0.001 1.86 

JNA1/K1-4C  -1.28 -1.12 0.82 0.70 0.04** -6.99 -0.06 0.25** 1.95** -0.06** 4.03 -0.14* 0.15** 3.53 34.33** -0.25** -0.17** -0.04** 1.37 

JNA1/9608U  0.38 -0.12 -1.01 -0.97 0.04** 3.01 -1.12** -0.09** -2.28** -0.13** 3.43 -0.18** -0.25** -12.80** 1.17 -0.50** -0.34** -0.08** 1.11 

JNA1/BVC-1 0.55 1.05 2.99** 2.70** 0.03** 1.01 0.05 0.10** 2.01** -0.09** 3.03 0.47** 0.32** 5.86** 1.00 0.56** -0.075 -0.02 2.11 

JNA1/GUK-1 1.05 0.55 1.16 1.36 0.03** 7.01 -0.10 0.03** -0.95** -0.02 3.63 -0.13* -0.51** 1.20 -11.33** 0.84** -0.08 -0.02 2.12 

JNA1/GUK-2 0.55 0.72 0.32 1.53* 0.04** -4.32 -0.78** -0.43** -0.82** -0.06** 2.93 -0.10 0.29** 0.86 7.00* -2.35** -0.29** -0.07** 1.58 

JNA1/GUK-2-1 2.72** 3.38** 2.16** 2.86** 0.03** -31.66 0.04 0.28** 2.33** -0.11** 4.33 0.09 0.39** 5.53** 11.50** 1.00** 0.01 0.004 3.64 

JNA1/LCA334  -0.45 1.05 2.49** 0.69 0.04** -39.16 0.09 -0.12** -1.39** -0.09** 4.03 0.49** -0.45** -6.47** -11.83** 0.10** 0.10 0.03* 3.94 

JNA1/LCA960  -0.45 -0.12 2.16** 0.86 0.03** -80.82** 0.51** 0.03** -1.67** 0.53** 2.53 -0.001 -0.28** -3.47 -7.17* 0.42** -0.09 -0.03 3.86 

JNA1/KDC-1-1 0.212 1.22 0.16 -0.30 0.04** 9.01 0.45** 0.03** -0.43** -0.03** 3.13 -0.19** 1.153** -10.14** 13.17** -0.45** 0.08 0.017 2.63 

JNA1/P. Jwala  0.22 -0.62 -2.68** -1.14 0.04** 4.34 -0.44** -0.24** -1.39** -0.07** 3.63 0.26** 0.05** -6.47** -14.67** -0.37** -0.16** -0.04** 1.51 

 JNA1/KA-2  1.38 0.55 5.66** 5.69** 0.03* 9.68 -0.11 -0.11** 0.51** 0.03** 3.53 0.004 0.49** -8.80** -28.00** 0.20** -0.074 -0.02 2.73 

JNA1/K1-4D 1.38 0.72 2.83** 2.69** 0.03* 3.68 -0.08 -0.12** -0.34** -0.01 3.63 0.37** -0.35** 5.20** -12.17** 0.57** -0.07 -0.02 2.90 

JNA1/PSBR 0.55 1.05 1.16 1.86* 0.03* 146.01** -0.37** -0.08** -1.30** 0.03* 3.33 -0.52** -0.55** 1.53 -9.50** 0.25** 0.38** 0.09** 3.80 

JNA1/BVC-37 -3.12** -4.12** -1.84* -2.14** 0.04* 46.67* 0.30** 0.09** -0.30** 0.116** 4.33 -0.38** 0.09** 9.86** 7.33* -0.79** 0.43** 0.11** 4.77 

ACA1/SKS -0.256 -0.87 3.95** 4.93** 0.31** -2.85 -0.71** -0.06 ** -1.81** -0.022* 2.13 -0.40** 0.41** -3.43 -4.21 0.36** -0.16** -0.04** 1.17 

ACA1/PantC-1 3.58** -0.36 4.78** 5.93** -0.02** 53.31* -0.21* -0.18** -1.69** 0.008 3.23 -0.34** -0.26** -1.10 -11.21** -0.42** -0.07 -0.02 2.45 

ACA1/G-4/ 0.08 0.30 0.78 -1.07 -0.02** -1.52 -0.004 0.06** 0.74** 0.05** 2.83 0.06 0.07** 6.23** 11.96** -0.41** 0.06 0.01 1.08 

ACA1/K1-4C  0.25 0.47 -0.38 0.43 -0.02** 8.48 0.14 -0.18** -1.91** -0.25** 2.13 0.18** -0.69** -1.76 -26.37** 0.42** 0.15** 0.04* 1.17 

ACA1/9608U -0.59 -0.53 0.28 0.77 -0.02** -7.52 0.50** -0.095 ** 0.69** 0.102** 3.23 0.11 -1.09** 12.90* -30.54** 1.20** 0.16** 0.04** 1.32 

ACA1/BVC-1 -0.92 -0.36 -3.22** -3.57** -0.02** -5.52 -0.03 0.22** -0.09** 0.102** 3.03 -0.10 -0.03** 0.60 6.79* 0.592** 0.04 0.01 1.48 

ACA1/GUK-1 -0.92 -0.86 -4.05** -3.40** -0.02** -9.52 0.07 -0.02** 0.39** -0.04** 3.23 -0.19** -0.16** -7.10** 2.96 -0.58** 0.05 0.01 1.52 

ACA1/GUK-2 -0.92 -1.20 -0.38 -1.73* -0.02** -0.85 -0.02 0.03** 0.70** -0.08** 3.03 -0.11 -1.16** -9.43** 20.79** 1.73** 0.06 0.02 1.47 

ACA1/GUK-2-1 0.25 -0.03 -6.55** -6.40** -0.02** 11.81 -0.04 -0.19** -0.41** 0.17** 3.23 -0.43** -1.26** -4.76* -21.71** -0.29** -0.06 -0.02 2.58 

ACA1/LCA334  0.08 1.14 3.78** 3.93** -0.02** 43.31 * -0.26* 0.04** 0.45** 0.032** 3.33 -0.19** 2.01** 8.23** 3.46 -0.24** -0.18** -0.05** 2.41 

ACA1/LCA960  1.58* 3.47** 0.95 2.10** -0.02** 55.64** -0.3** 0.02** 0.66** -0.26** 2.45 0.18** 0.67** 0.24 2.63 -0.29** 0.04 0.01 3.25 

ACA1/KDC-1-1 -0.26 0.80 1.45 2.43** -0.02** -15.52 -0.29** 0.09** -0.05** 0.015 2.95 0.08 -0.39** 6.60** 11.96** -0.92** -0.07 -0.01 1.41 

ACA1/P. Jwala  -0.26 -0.03 1.62* 0.10 -0.02** -2.19 0.27** 0.04** 1.01** 0.012 3.35 0.01 0.61* 5.24** 14.13** -0.55** 0.11 0.03 1.2 

ACA1/KA-2  -0.59 -0.86 -6.05** -6.57** -0.02** -12.86 0.18 0.02** 0.31** -0.025* 2.75 0.32** 0.04** 2.90 8.79** 0.19** 0.06 0.01 2.13 

ACA1/K1-4D -0.59 -0.70 1.618* 1.93** -0.02** -12.85 -0.02 0.04** -0.08** 0.035** 3.05 0.17* 0.21** -7.10** 7.13* -0.35** -0.01 -0.003 2.13 

ACA1/PSBR -0.92 -0.86 0.45 -0.90 -0.02** -74.02** 0.21* 0.03** 0.74** 0.04** 2.95 0.36** 0.51** -1.77 1.80 -0.20** -0.20** -0.05** 1.63 

ACA1/BVC-37 0.41 0.47 0.95 1.10 -0.02** -27.35 0.52** 0.14** 0.36** 0.112** 3.25 0.29** 0.54** -6.431** 1.63 -0.22** 0.05 0.01 3.05 

*, **Significant at p = 0.05 and 0.01, respectively. 
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Table 6. (contd.) 

Crosses DFI DFF DFR DFH NOP NFP FFW DFW FL FD PL PTL NPB PH NS SW FFWP DFWP NPY 

ACA2/SKS 0.04 3.31** 3.89** 1.87* 0.31** -0.82 0.18 -0.24** -0.69** -0.02 2.25 0.57** 0.34** -9.43** -15.80** -0.97** 0.07 0.017 1.90 

ACA2/PantC-1 0.37 1.81* 3.73** 4.37** -0.02** 12.83 -0.42** 0.05** 0.49** -0.02 3.15 0.39** -0.53** 0.90 6.71* 0.69** -0.18** -0.05** 2.43 

ACA2/G-4  -0.13 -0.02 -0.78 0.37 -0.02** 6.51 -0.44** -0.002 -1.10** 0.03* 2.65 -0.25** 0.51** -7.76** -6.63* -0.01** -0.06 -0.01 1.04 

ACA2/K1-4C  1.04 0.65 -0.44 -1.13 -0.02** -1.49 -0.08 -0.07** -0.04* 0.31** 3.25 -0.04 0.54** -1.77 -7.96** -0.16** 0.02 0.00 1.11 

ACA2/9608U 0.21 0.65 0.73 0.21 -0.02** 4.51 0.62** 0.19 ** 1.59** 0.03** 2.65 0.08 1.34** -0.10 29.37** -0.70** 0.18** 0.04** 1.59 

ACA2/BVC-1 0.37 -0.69 0.23 0.87 -0.02** 4.51 -0.02 -0.31** -1.93** -0.01 2.65 -0.37** -0.29** -6.43** -7.79** -1.16** 0.04 0.01 1.69 

ACA2/GUK-1 -0.13 0.31 2.89** 2.04** -0.02** 2.51 0.03 -0.007 0.56** 0.06** 2.05 0.32** 0.68** 5.90** 8.37** -0.26** 0.03 0.01 1.72 

ACA2/GUK-2 0.37 0.48 0.06 0.21 -0.02** 5.18 0.80** 0.40** 0.12** 0.14** 3.15 0.21** 0.87** 8.57** -27.79** 0.63** 0.24** 0.06** 2.12 

ACA2/GUK-2-1 -2.96** -3.35** 4.39** 3.54** -0.02** 19.84 -0.001 -0.09** -1.93** -0.05** 3.05 0.35** 0.87** -0.77 10.21** -0.71** 0.05 0.01 3.07 

ACA2//LCA334  0.37 -2.19* -6.27** -4.63** -0.02** -4.16 0.17 0.08** 0.95** 0.06** 3.25 -0.29** -1.56** -1.77 8.37** 0.14** 0.08 0.02 3.22 

ACA2//LCA960  -1.13 -3.35** -3.11** -2.96** -0.02** 25.18 -0.20 -0.057** 1.01** -0.27** 2.65 -0.18** -0.39** 3.24 4.54 -0.14** 0.06 0.02 3.54 

ACA2/KDC-1-1 0.04 -2.02* -1.61* -2.13** -0.02** 6.51 -0.16 -0.12** 0.48** 0.02 3.05 0.11 -0.76** 3.57 -25.13** 1.37** -0.003 0.00 1.79 

ACA2/P. Jwala  0.04 0.65 1.06 1.04 -0.02** -2.16 0.16 0.20** 0.38** 0.06** 2.75 -0.27** -0.66** 1.24 0.54 0.93** 0.05 0.02 1.32 

 ACA2/KA-2  -0.79 0.31 0.39 0.87 -0.02** 3.18 -0.07 0.09** -0.82** -0.004 2.15 -0.33** -0.53** 5.90** 19.21** -0.39** 0.01 0.002 2.27 

ACA2/K1-4D -0.79 -0.02 -4.44** -4.63** -0.02** 9.18 0.10 0.08** 0.43** -0.024* 2.35 -0.55** 0.14** 1.90 5.04 -0.22** 0.08 0.02 2.59 

ACA2/PSBR 0.37 -0.19 -1.61* -0.96 -0.02** -71.99** 0.15 0.06** 0.57** -0.07** 3.05 0.16* 0.04** 0.24 7.71** -0.05** -0.18** -0.05** 1.89 

ACA2/BVC-37 2.7** 3.65** 0.89 1.04 -0.02** -19.32 -0.82** -0.23** -0.06** -0.23** 2.85 0.08 -0.63** -3.43 -8.96** 1.00** -0.47** -0.12** 2.10 

 

SED 0.76 0.90 0.75 0.71 0.00 20.10 0.10 0.004 0.02 0.01 0.05 0.06 0.00 1.90 2.77 0.00 0.06 0.01 0.12 

CD 5% 1.53 1.80 1.50 1.42 0.00 40.37 0.20 0.01 0.03 0.02 0.09 0.13 0.00 3.81 5.56 0.00 0.11 0.03 0.25 

CD 1% 2.04 2.40 2.00 1.90 0.00 53.82 0.26 0.01 0.05 0.03 0.12 0.17 0.00 5.08 7.41 0.00 0.15 0.04 0.33 

*, **Significant at p = 0.05 and 0.01, respectively. 

DFI = Days to first flower initiation, DFF = Days to fifty per cent flowering, DFR = Days to first fruit ripening, 
DFH = Days to first harvest, NOP = Number of pickings, NFP = Number of fruits plant-1, FFW = Fresh fruit 
weight fruit-1 (g),  DFW = Dry fruit weight  fruit-1 (g), FL = Fruit length (cm),  FD = Fruit diameter (cm), PL 
= Pedicel length (cm), PTL = Petiole length (cm), NPB = Number of primary branches, PH = Plant height (cm), 
NS = Number of seeds fruit-1, TSW = 1000 seed weight (g), FFWP = Fresh fruit weight plant-1 (kg), DFWP = 
Dry fruit weight plant-1 (kg), NPY = Net plot yield (kg).  

 

4. Conclusion 

It has been concluded that the magnitude of heterobeltiosis was high (20% >) with majority of the crosses for most 
of the traits. Hence, heterosis breeding is favoured as suggested by Patel et al., (2001) in chilli. JNA1/BVC-37 
(48.47%), JNA1/PantC1 (25.76%) and JNA1/LCA334 (25.33%) recorded more than 25% heterosis over best 
standard check of non male sterility based hybrid. However, F1 hybrids, JNA1/PanC1 (152.63%), JNA1/LCA334 
(370.49%) and JNA1/PSBR (185.71%) registered more than 150% heterobeltiosis, while, three newly developed 
CMS based hybrids viz., JNA1/LCA960 (69.05%), JNA1/GUK2-1 (50.85%) and ACA2/LCA960 (57.17%) were 
able to yield more than 50% heterobeltiosis. Therefore, efforts should be concentrated for the development of male 
sterility based hybrids using cytoplasmic male sterile lines to minimize the cost of F1 seeds and quality seed 
production in chilli. Cross JNA1/BVC-37 gave the highest yield along with highly significant sca effects thus 
proved as potential hybrids and could be considered for commercial exploitation of hybrid vigour in chilli 
(Capsicum annuum L.) after confirmation with multilocational testing.   
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